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ABSTRACT

Background

Products sweetened with non-nutritive sweeteners (NNS) are widely available. Many people with type 1 or type 2 diabetes use NNS as
a replacement for nutritive sweeteners to control their carbohydrate and energy intake. Health outcomes associated with NNS use in
diabetes are unknown.

Objectives

To assess the effects of non-nutritive sweeteners in people with diabetes mellitus.

Search methods

We searched the Cochrane Central Register of Controlled Trials (CENTRAL), MEDLINE Ovid, Scopus, the WHO ICTRP, and ClinicalTrials.gov.
The date of the last search of all databases (except for Scopus) was May 2019. We last searched Scopus in January 2019. We did not apply
any language restrictions.

Selection criteria

We included randomised controlled trials (RCTs) with a duration of four weeks or more comparing any type of NNS with usual diet, no
intervention, placebo, water, a different NNS, or a nutritive sweetener in individuals with type 1 or type 2 diabetes. Trials with concomitant
behaviour-changing interventions, such as diet, exercise, or both, were eligible for inclusion, given that the concomitant interventions
were the same in the intervention and comparator groups.

Data collection and analysis

Two review authors independently screened abstracts, full texts, and records retrieved from trials registries, assessed the certainty of the
evidence, and extracted data. We used a random-effects model to perform meta-analysis, and calculated effect estimates as risk ratios
(RRs) for dichotomous outcomes and mean differences (MDs) for continuous outcomes, using 95% confidence intervals (Cls). We assessed
risk of bias using the Cochrane 'Risk of bias' tool and the certainty of evidence using the GRADE approach.

Main results

We included nine RCTs that randomised a total of 979 people with type 1 or type 2 diabetes. The intervention duration ranged from 4 to
10 months. We judged none of these trials as at low risk of bias for all ’Risk of bias’ domains; most of the included trials did not report the
method of randomisation.

Non-nutritive sweeteners for diabetes mellitus (Review) 1
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Three trials compared the effects of a dietary supplement containing NNS with sugar: glycosylated haemoglobin Alc (HbAlc) was 0.4%
higher in the NNS group (95% CI 0.5 to 1.2; P = 0.44; 3 trials; 72 participants; very low-certainty evidence). The MD in weight change was
-0.1 kg (95% CI -2.7 to 2.6; P = 0.96; 3 trials; 72 participants; very low-certainty evidence). None of the trials with sugar as comparator
reported on adverse events.

Five trials compared NNS with placebo. The MD for HbAlc was 0%, 95% Cl -0.1 to 0.1; P = 0.99; 4 trials; 360 participants; very low-certainty
evidence. The 95% prediction interval ranged between —-0.3% and 0.3%. The comparison of NNS versus placebo showed a MD in body
weight of —0.2 kg, 95% CI -1 to 0.6; P = 0.64; 2 trials; 184 participants; very low-certainty evidence. Three trials reported the numbers of
participants experiencing at least one non-serious adverse event: 36/113 participants (31.9%) in the NNS group versus 42/118 participants
(35.6%) in the placebo group (RR 0.78,95% Cl 0.39 to 1.56; P = 0.48; 3 trials; 231 participants; very low-certainty evidence).

One trial compared NNS with a nutritive low-calorie sweetener (tagatose). HbAlc was 0.3% higher in the NNS group (95% CI 0.1 to 0.4; P =
0.01; 1 trial; 354 participants; very low-certainty evidence). This trial did not report body weight data and adverse events.

The included trials did not report data on health-related quality of life, diabetes complications, all-cause mortality, or socioeconomic
effects.

Authors' conclusions

There is inconclusive evidence of very low certainty regarding the effects of NNS consumption compared with either sugar, placebo, or
nutritive low-calorie sweetener consumption on clinically relevant benefit or harm for HbA1lc, body weight, and adverse events in people
with type 1 or type 2 diabetes. Data on health-related quality of life, diabetes complications, all-cause mortality, and socioeconomic effects
are lacking.

PLAIN LANGUAGE SUMMARY

Non-nutritive sweeteners for diabetes mellitus

Review question

Are non-nutritive sweeteners beneficial or harmful in people with diabetes?
Background

Non-nutritive sweeteners are sweetening agents having higher sweetening intensity and lower calorie content per gram compared to
caloric sweeteners like sucrose or corn syrups. Both the general population and diabetic people use non-nutritive sweeteners as a caloric
sweetener replacement to control their carbohydrate and energy intake. Most of the non-nutritive sweeteners approved for human
consumption are synthetic (artificial sweeteners); however, increasing numbers of natural non-caloric sweeteners are becoming available
for human consumption. Products sweetened with non-nutritive sweeteners are widely available on the market: diet beverages, diet
yoghourts, desserts, and chewing gums are the most common products containing non-nutritive sweeteners. Non-nutritive sweeteners
are also available as table-top sweeteners for use by consumers at home as a sweetening agent for beverages and for cooking and baking.

There is very little information about the health consequences of this intensified non-nutritive sweeteners consumption in people with
diabetes. We wanted to find out whether non-nutritive sweeteners consumption in people with diabetes has an effect on long-term average
blood sugar levels (glycosylated haemoglobin Alc - HbA1lc), body weight, side effects, diabetes complications (such as heart attack, eye
or kidney disease), and health-related quality of life.

Study characteristics

We found nine randomised controlled trials (studies in which participants are assigned to one of two or more treatment groups using a
random method) that allocated people with diabetes to either a group that received a non-nutritive sweetener or a comparator group.
The comparator was usual diet with additional sugar in three studies; placebo (a dummy pill) in five studies; and tagatose (a nutritive
low-calorie sweetener) in one study. The studies included a total of 979 participants; most of the studies were small, with fewer than 100
participants. The length of the studies varied from 4 to 10 months.

This evidence is up-to-date as of May 2019.
Key results

Data on health-related quality of life, diabetes complications, death from any cause, and socioeconomic effects (such as absence from
work, visits to general practitioner, medication consumption) were lacking, and data were generally sparse for all comparisons. The
available data did not show a clear difference between non-nutritive sweeteners and sugar, placebo, or the nutritive low-calorie sweetener
tagatose for HbAlc, body weight, and side effects.

Certainty of the evidence

Non-nutritive sweeteners for diabetes mellitus (Review) 2
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We rated the overall certainty of the evidence as very low, mainly due to the small numbers of included studies and participants and
methodological limitations of the included studies.

Non-nutritive sweeteners for diabetes mellitus (Review) 3
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SUMMARY OF FINDINGS

Summary of findings 1. Non-nutritive sweeteners for diabetes mellitus

Non-nutritive sweeteners compared with sucrose, placebo, or a nutritive, low-calorie sweetener for diabetes mellitus

Patient: people with diabetes mellitus

Settings: outpatients

Intervention: non-nutritive sweeteners (aspartame, rebaudioside A, saccharin, sodium-cyclamate, sucralose, steviol glycoside)

Comparison: sucrose; placebo; nutritive, low-calorie sweetener (tagatose)

Outcomes/Comparisions Comparator Non-nutritive sweeteners Relative effect = Number of par- Certainty of Comments
(sucrose; placebo; (aspartame, rebaudioside  (95% CI) ticipants the evidence
nutritive, low-calo- A, saccharin, sodium-cy- (studies) (GRADE)
rie sweetener) clamate, sucralose, steviol

glycoside)

Health-related quality of life Not reported

Diabetes complications Not reported

All-cause mortality Not reported

Non-serious adverse events (N)

NNS versus sugar Not reported

NNS versus placebo 356 per 1000 278 per 1000 (139 to 555) RR0.78 (0.39to 231(3) B®oood

. . 1.56) very low

NNS: aspartame, rebaudioside A, stevi-

ol glycoside

Follow-up: 16 to 18 weeks

NNS versus nutritive, low-calorie Not reported

sweetener

HbA1c (%)

NNS versus sugar The mean HbAlc The mean HbAlcinthe NNS - 72 (3) ®ooob
ranged across con- group was 0.4% higher very low

(0.5% lower to 1.2% higher)
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NNS: aspartame, saccharin, sodi-
um-cyclamate

Follow-up: 4 to 6 weeks

trol groups from
6.8% to 7.5%

NNS versus placebo The mean final The mean HbAlc in the NNS 360 (4) ®000C The 95% pre-
o ~ HbAlcrangedacross  and placebo groups did not very low diction inter-
NNS: aspartame, rebaudioside A, stevi-  control groups from  differ (MD 0%, ~0.1% lower val ranged be-
ol glycoside 7.3% to 11.4% t0 0.1% higher) tween —0.3%
and 0.3%
Follow-up: 13 to 16 weeks
NNS versus nutritive, low-calorie The mean HbAlcin The mean HbAlc in the NNS 354 (1) ooood
sweetener (tagatose) the control group group was 0.3% higher very low
was 7.3% (0.1% higher to 0.4% higher)
NNS: sucralose
Follow-up: 16 weeks
Body weight (kg)
NNS versus sugar The mean body The mean body weight in 72 (3) BOOOe
) ] weight in the control  theintervention groups was very low
NNS: aspartame, saccharin, sodi- groupswas 66.8kg 0.1 kg lower (2.7 kg lower
um-cyclamate to 75.9 kg to 2.6 kg higher)
Follow-up: 4 to 6 weeks
NNS versus placebo The mean final body ~ The mean body weight in 184 (2) @ooof
weight ranged across  the intervention groups was very low

NNS: aspartame, rebaudioside A

control groups from

0.2 kg lower (1 kg lower to

t0 79.4 to 98.4 k 0.6 kg higher
Follow-up: 12 to 16 weeks & g higher)
NNS versus nutritive, low-calorie Not reported
sweetener
Socioeconomic effects Not reported

*The basis for the assumed risk (e.g. the median control group risk across trials) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is based

on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% Cl).
Cl: confidence interval; HbA1c: glycosylated haemoglobin Alc; MD: mean difference; NNS: non-nutritive sweetener; RR: risk ratio.

GRADE Working Group grades of evidence

High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.

Moderate certainty: we are moderately confident in the effect estimate; the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is

substantially different.
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Low certainty: our confidence in the effect estimate is limited; the true effect may be substantially different from the estimate of the effect.
Very low certainty: we have very little confidence in the effect estimate; the true effect is likely to be substantially different from the estimate of effect.

aDowngraded by one level because of inconsistency (no consistent direction of effect) and two levels because of serious imprecision (Cl consistent with benefit and harm, small
sample size, and small number of studies) - see Appendix 18.

bDowngraded by one level because of inconsistency (point estimates varied widely, not all Cls overlapped, no consistent direction of effect); one level because of indirectness
(surrogate outcome, insufficient time frame); and one level because of serious imprecision (Cl consistent with benefit and harm, small sample size, and small number of studies)
- see Appendix 17.

cDowngraded by one level because of indirectness (surrogate outcome) and two levels because of serious imprecision (small sample size and small number of studies) - see
Appendix 18.

dDowngraded by one level because of risk of bias (attrition bias and selective reporting); one level because of indirectness (surrogate outcome); and one level because of
imprecision (small number of included studies) - see Appendix 19.

eDowngraded by one level because of inconsistency (no consistent direction of effect) and two levels because of serious imprecision (Cl consistent with benefit and harm, small
sample size, and small number of studies) - see Appendix 17.

fDowngraded by one level because of risk of bias (selective reporting) and two levels because of serious imprecision (small sample size and small number of included studies)
- see Appendix 18.
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BACKGROUND

Description of the condition

Diabetes mellitus is a metabolic disorder impeding the pancreas
from producing enough insulin, body cells from responding
properly to the insulin produced, or both. This leads to
chronic hyperglycaemia (i.e. elevated plasma glucose levels) and
disturbances of carbohydrate, fat, and protein metabolism. In
the long term, this condition leads to complications such as
retinopathy, nephropathy, neuropathy, and an increased risk for
cardiovascular diseases.

Diabetes is one of the most common diseases in the world, and
its burden is increasing continuously: the global prevalence of
diabetesin adults over 18 years of age was 8.5%in 2014 (WHO 2016).
Diabetes was the direct cause of 1.5 million deaths in 2012 (WHO
2016). The global cost of diabetes was about USD 825,000 million
per year in 2016 (NCD-RisC 2016).

A healthy diet, regular physical activity, and pharmacotherapy are
key components of diabetes management. For many individuals
with diabetes, the most challenging part of the treatment plan is
determining what to eat.

Today, nutrition therapy is recommended for all people with type
1 and type 2 diabetes as a component of their overall treatment
plan (Evert 2013). The goals of nutrition therapy are to promote
and support healthy eating patterns with a variety of nutrient-
dense foods in appropriate portion size to achieve individualised
glycaemic, blood pressure, and lipid goals; attain and maintain
body weight goals; and delay or prevent complications of diabetes.
A further goal is to maintain the pleasure of eating by providing
positive messages about food choices and practical tools for day-
to-day meal planning (Evert 2013).

Description of the intervention

Non-nutritive sweeteners (NNS) are defined as sweetening agents
having higher sweetening intensity and lower calorie content per
gram compared to caloric sweeteners like sucrose or corn syrups
(Chattopadhyay 2014). Both the general population and individuals
with type 1 or type 2 diabetes use NNS as a caloric sweetener
replacement to control their carbohydrate and energy intake.

Most of the NNS approved for human consumption are synthetic
(artificial sweeteners); however, increasing numbers of natural
non-caloric sweeteners are becoming available for human
consumption.

Products sweetened with NNS are widely available on the market:
diet beverages, diet yoghourts, desserts, and chewing gums are the
most common products with NNS. NNS are also available as table-
top sweeteners for use by consumers at home as a sweetening
agent for beverages and for cooking and baking.

With regard to the range of approved artifical sweeteners, there
are important differences amongst countries. In the USA, the
Food and Drug Administration (FDA) has to date approved
six artificial sweeteners for human consumption: acesulfame-
K, aspartame, neotame, saccharin, sucralose, and advantame.
Additionally, steviol glycosides, thaumatin, and luo han guo
fruit extracts (mogrosides) are approved NNS of natural origin
(FDA 2015a). In the European Union, the following 11 NNS

are approved for use in foods and drinks by the European
Food Safety Authority: acesulfame-K (E950), advantame (E969),
aspartame (E951), aspartame-acesulfame salt (E962), cyclamate
(E952), neohesperidine DC (E959), neotame (E961), saccharin
(E954), steviol glycosides (E960), sucralose (E955), and thaumatin
(E957) (FSA 2016).

Approved NNS are described in more detail below. Table 1 lists
the acceptable daily intake levels defined by the main regulatory
bodies (JECFA 2010).

Acesulfame-K (acesulfame potassium) is a combination of an
organic acid and potassium and was first approved for general use
asan NNSin 1988. It contains 0 kilocalories (kcal)/g and is 200 times
sweeter than sucrose (Chattopadhyay 2014). The estimated daily
intake (EDI; i.e. the presumed daily consumption of NNS) ranges
from 0.2 to 1.7 mg/kg of body weight (Fitch 2012; Gardner 2012).

Advantame is an N-substituted derivative of aspartame made from
aspartame and vanillin (Otabe 2011). It is approximately 20,000
times sweeter than sucrose (FDA 2015a).

Aspartame is the methyl ester of the dipeptide of the amino acids
aspartic acid and the essential amino acid phenylalanine. It was
approved for general use in 1981 and is 180 to 200 times sweeter
than sucrose (Chattopadhyay 2014). Although it has 4 kcal/g, the
intensity of sweet taste means that very smallamounts are required
to achieve desired sweetness levels. The EDI ranges from 0.2 to 4.1
mg/kg of body weight (Fitch 2012; Gardner 2012).

Cyclamate (cyclamic acid) is used as an NNS in two forms: sodium
cyclamate and calcium cyclamate. It is 30 times sweeter than
sucrose and contains zero calories (Chattopadhyay 2014). It is used
in more than 50 countries (Fitch 2012); however, cyclamate and its
salts are currently prohibited from use in the USA (FDA 2015a).

Luo han guo (also known as Siraitia grosvenori) fruit extract is a
traditional Chinese herb containing varying levels of mogrosides.
Depending on the mogroside content, itis reported to be 100 to 250
times sweeter than sucrose (FDA 2015a).

Neohesperidine dihydrochalcone (DC) is a non-nutritive
sweetener derived from the flavones of citrus fruit. The customary
concentration is 400 to 600 times sweeter than sucrose.

Neotame is a dipeptide methyl ester derivate. It has a sweetness
factor approximately 7000 to 13,000 times greater than that of
sucrose and approximately 30 to 60 times greater than that of
aspartame, depending on the food application (Aguilar 2007).

Saccharin is the oldest NNS, first discovered and used in 1879 (FDA
2015b). It is an organic chemical compound (O-sulfobenzimide)
that can be artificially synthesised in various ways. It has no calories
and is about 300 times sweeter than sucrose (Chattopadhyay 2014);
however, it has an unpleasant bitter or metallic aftertaste. The EDI
ranges from 0.1 to 2.0 mg/kg of body weight (Fitch 2012).

Stevia rebaudiana -based products are the best-known NNS of
natural origin. Steviol glycosides, extracted from the plant stevia,
contain stevioside and rebaudioside A as well as other glycosides
(Ceunen 2013). Steviol glycosides are 10 to 15 times sweeter than
sucrose. Stevia has been used as a sweetener in some countries
(e.g. Japan) for decades, whilst it was approved as a food additive
by the European Food Safety Authority in 2011 (EC 2011).The FDA
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first recognised the use of certain steviol glycosides as a sweetener
as generally safe in 2008 (FDA 2008).

Sucralose is an organic chemical compound (trichlorosucrose) that
has been approved for general use as a non-nutritive sweetener
since 1999 (Gardner 2012). It is 450 to 650 times sweeter than
sucrose and has 0 kcal/g. The quality and intensity of sweet taste is
very close to that of sucrose (Chattopadhyay 2014). The EDI ranges
from 0.1 to 2.0 mg/kg of body weight (Fitch 2012).

Thaumatin is a mixture of sweet-tasting polypeptides that can be
extracted from the skin surrounding the seeds of the West African
katemfe fruit.

Adverse effects of the intervention

Food safety agencies consider consumption of NNS up to the
acceptable daily intake to be safe; however, the effects of NNS
on glucose metabolism are not clearly understood (Romo-Romo
2016). Individuals with diabetes may consume NNS for very long
periods (i.e. years or even decades) on a daily basis, possibly at an
amount exceeding the acceptable daily intake levels (Ilback 2003).
There has been little research on the negative health outcomes
arising as a consequence of consuming such considerable amounts
of NNS over long periods, and even less focusing specifically on
people with diabetes.

A potentially increased risk for cancer is a starting point for many
debates around the safety of NNS (Gallus 2007).

Additionally, some studies indicated that NNS consumption might
lead to weight gain instead of the expected weight loss (Mattes
2009), which in people with diabetes could lead to the worsening of
glycaemic control, blood pressure, and lipid profile (ADA 2016).

Furthermore, some researchers have also questioned whether
NNS (consumed without caloric sweeteners) could enhance the
cephalic phase of insulin secretion (the early increase of insulin
secretion immediately following gustatory stimulation, prior to the
rise of blood glucose) by evoking the recognition of the sweet
taste, sight, smell, and expectation of food, and whether in the
absence of caloric sweetener intake it could lead to exercise-
induced hypoglycaemia (Ferland 2007; Just 2008).

A systematic review and dose-response meta-analysis of
prospective studies found a positive association between
artificially sweetened soft drink intake and type 2 diabetes risk
(Greenwood 2014).

How the intervention might work

The mechanisms by which NNS might influence health outcomes
in people with diabetes include improvement in glycaemic control
and facilitation of weight management.

One of the key elements in nutrition therapy for type 1 diabetes
is carbohydrate-counting meal planning and adjustments to
insulin doses based on carbohydrate intake, in order to maintain
blood glucose levels within the normal range. A simple diabetes
meal planning approach such as portion control may be an
appropriate nutrition strategy for individuals with type 2 diabetes.
Use of NNS has the potential to reduce the overall caloric and
carbohydrate intake if they substitute for caloric sweeteners,

without compensation by intake of additional calories from other
food sources (Evert 2013).

If people with diabetes use NNS to replace caloric sweeteners
without caloric compensation, then NNS may also be useful
in weight management. Since being overweight and obese can
worsen glycaemic control and increase cardiometabolic risk,
preventing weight gain in individuals with diabetes is considered to
be important. Dietary changes can result in modest and sustained
weight loss, and they may produce clinically meaningful reductions
in glycosylated haemoglobin Alc (HbAlc) and triglycerides (ADA
2016; Pastors 2002).

Why it is important to do this review

One systematic review focusing on the effects of FDA-approved
NNS in individuals with diabetes found that NNS do not appear
to affect glycaemic control (Timpe Behnen 2013). However, that
systematic review was limited in that it included only studies
published in English and only considered NNS available in the
USA. New trials have been published since then that could provide
additional relevant evidence. Furthermore, it is important to focus
on determining the effects of regular NNS use on patient-important
outcomes, such as morbidity, mortality, and adverse effects, which
Timpe Behnen 2013 did not address.

Non-nutritive sweeteners as part of nutrition therapy represent a
simple and cheap intervention that might help decrease the need
for antidiabetic drugs, insulin, or both, thereby delaying possible
complications. Given thatdiabetesis a major public health problem
worldwide, such an intervention might have huge benéefits for
health systems in terms of reducing burden and costs.

OBJECTIVES

To assess the effects of non-nutritive sweeteners for diabetes
mellitus.

METHODS

Criteria for considering studies for this review
Types of studies

We included randomised controlled trials (RCTs).

Types of participants
Individuals with type 1 or type 2 diabetes mellitus.

Diagnostic criteria for diabetes mellitus

In order to be consistent with changes in the classification
and diagnostic criteria for diabetes mellitus over the years, the
diagnosis should be established using the standard criteria valid at
the time of trial commencement (e.g. ADA 2003; ADA 2008; WHO
1998). Trials should ideally describe diagnostic criteria. If necessary,
we used the study authors' definition of diabetes mellitus. We
planned to subject diagnostic criteria to a sensitivity analysis.

Types of interventions

We planned to investigate the following comparisons of
intervention versus control/comparator.

Non-nutritive sweeteners for diabetes mellitus (Review)
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Intervention
« Any type of NNS, either alone or in combination with another
NNS.

« NNS plus a behaviour-changing intervention such as diet,
exercise, or both.

Comparisons

o Usual diet versus NNS.

« Nointervention versus NNS.

« Placebo versus NNS.

« Water versus NNS.

« NNS versus a different NNS.

« NNS versus NNS of a different dose.

« NNS versus a nutritive or low-calorie sweetener.

« Behaviour-changing intervention such as diet, exercise, or both
versus NNS plus behaviour-changing intervention.

Concomitant interventions had to be similar in the intervention
and comparator groups to allow fair comparisons and to isolate the
effect of NNS on health outcomes.

Minimum duration of intervention

We considered RCTs in which the intervention had a minimum
duration of four weeks.

Minimum duration of follow-up

Minimum duration of follow-up was four weeks after start of the
intervention. We defined extended follow-up periods (also called
open-label extension studies) as follow-up of participants once the
original trial as specified in the trial protocol had been terminated.

Summary of specific exclusion criteria

None.

Types of outcome measures

We included outcomes that are measured for as long as follow-up
is carried out at any given time point. We classified the outcome
measurement as medium and long term. We defined 'medium
term' as at least four weeks to less than six months and 'long term'
as six months or more. We used the data at the longest follow-up
available for the meta-analyses.

Primary outcomes

« HbAlc
« Body weight
o Adverse events

Secondary outcomes

« Diabetes complications

« All-cause mortality

« Health-related quality of life

« Anthropometric measures other than body weight
« Lipid profile

o Glucose levels (fasting and postprandial)

« Seruminsulin

« Insulin sensitivity

« Socioeconomic effects

We included trials reporting at least one of the listed primary
or secondary outcome measures in the publication. Trials not
reporting on any of our primary or secondary outcomes were
excluded, but we reported some basic information for these trials
in the 'Characteristics of studies awaiting classification' table.

Method of outcome measurement

« HbA1lc: measured in % (mmol/mol).

« Body weight: measured in kilograms (kg).

» Adverse events: such as hypoglycaemic episodes, abdominal
discomfort, flatulence, or diarrhoea measured at any time after
participants had been randomised to intervention/comparator
groups.

« Diabetes complications: defined as diabetic nephropathy,
diabetic neuropathy, diabetic retinopathy, and cardiovascular
events.

« All-cause mortality: defined as death from any cause and
measured at any time after participants were randomised to
intervention/comparator groups.

o Health-related quality of life: evaluated by a validated
instrument such as Audit of Diabetes-Dependent Quality of Life
(ADDQoL) or 36-Item Short Form Health Survey (SF-36).

« Anthropometric measures other than body weight (kg): defined
as BMI (body mass index; kg/m?), waist circumference (cm), per
cent of body fat (%), or waist-to-hip ratio.

« Lipid profile: analysed by total cholesterol, high-density
lipoprotein (HDL) cholesterol, low-density lipoprotein (LDL)
cholesterol, and triglycerides (TG).

» Glucose levels: fasting blood glucose levels (mg/dL) and
postprandial blood glucose levels (mg/dL).

« Serum insulin: measured in microunits/mL.

« Insulin sensitivity: analysed by the homeostasis model
assessment of insulin resistance (HOMA-IR).

» Socioeconomic effects: such as direct costs defined as
admission/readmission rates, average length of hospital
stay, visits to general practitioner, visits to the emergency
department; medication consumption; indirect costs defined as
resources lost due to illness by the participant or their family
member or absence from work.

Timing of outcome measurement

With the exception of adverse events and all-cause mortality
(measured at any time after participants were randomised
to intervention/comparator groups), we considered outcomes
measured after a minimum follow-up of four weeks.

Search methods for identification of studies
Electronic searches

We searched the following sources from the inception of
each database with no restrictions placed on the language of
publication.

« Cochrane Central Register of Controlled Trials (CENTRAL) via the
Cochrane Register of Studies Online (CRSO, crso.cochrane.org)
(searched on 23 May 2019).
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« MEDLINE Ovid (Epub Ahead of Print, In-Process & Other Non-
Indexed Citations, Ovid MEDLINE (R) Daily and Ovid MEDLINE (R);
from 1946 to 20 May 2019) (searched on 21 May 2019).

o Scopus (www.scopus.com) (searched on 09 January 2019).

« US National Institutes of Health Ongoing Trials Register
ClinicalTrials.gov (www.clinicaltrials.gov) (searched on 23 May
2019).

« World Health Organization International Clinical Trials Registry
Platform (WHO ICTRP, www.who.int/trialsearch) (searched on 28
May 2019).

Wedid notinclude Embasein our search as RCTs indexed in Embase
are now prospectively added to CENTRAL via a highly sensitive
screening process (Cochrane 2018).

Details of the search strategies are shown in Appendix 1. We applied
no restrictions on the language of publication when searching the
electronic databases or reviewing reference lists of identified trials.

Searching other resources

We attempted to identify other potentially eligible trials or
ancillary publications by searching the reference lists of included
trials, (systematic) reviews, meta-analyses, and health technology
assessment reports. In addition, we contacted authors of included
trials to identify any additional information on the retrieved trials
and to determine if there were further trials that we may have
missed.

We did not use abstracts or conference proceedings for data
extraction unless full data were available from the trial authors
because this information source does not fulfil the CONSORT
requirements, which consist of "an evidence-based, minimum set
of recommendations for reporting randomized trials" (CONSORT
2010; Scherer 2018). We planned to list key data of abstracts in an
appendix.

We defined grey literature as records detected in ClinicalTrials.gov
or WHO ICTRP, and we additionally searched the database of the
FDA (www.fda.gov/Food).

Data collection and analysis
Selection of studies

Pairs of review authors (SL, IT, DK) independently screened the
abstract, title, or both, of every record retrieved by the literature
searches to determine which trials should be assessed further. We
performed the screening using Covidence software (Covidence).
We obtained the full texts of all potentially relevant records and
screened these for eligibility. Any disagreements were resolved
through consensus or by recourse to a third review author (SL, IT,
DK, or JM). If we could not resolve a disagreement, we categorised
the trial as a study awaiting classification and contacted the
trial authors for clarification. We have presented a PRISMA flow
diagram to describe the process of trial selection (Liberati 2009).
All articles excluded after full-text assessment and the reasons for
their exclusion are described in Characteristics of excluded studies
tables.

Data extraction and management

Pairs of review authors (SL, IT, DK) independently extracted key
participant and intervention characteristics of the trials that

met our inclusion criteria. We described interventions using the
'template for intervention description and replication' (TIDieR)
checklist (Hoffmann 2014; Hoffmann 2017).

We recorded data on efficacy outcomes and adverse events using
standardised data extraction sheets from the Cochrane Metabolic
and Endocrine Disorders Group. Any disagreements were resolved
by discussion or by consultation with a third review author (SL, IT,
DK, or JM) if required. For details see Characteristics of included
studies; Table 2; Appendix 2; Appendix 3; Appendix 4; Appendix
5; Appendix 6; Appendix 7; Appendix 8; Appendix 9; Appendix 10;
Appendix 11; Appendix 12; Appendix 13; Appendix 14; Appendix 15;
Appendix 16; Appendix 17; Appendix 18; Appendix 19.

We attempted to find the protocol for each included trial and
reported primary, secondary, and other outcomes in comparison
with data in publications in Appendix 9 to assess risk of selective
outcome reporting.

We emailed all authors of included trials to enquire as to whether
they would be willing to answer questions regarding their trials. The
results of this survey are presented in Appendix 16. We thereafter
sought relevant missing information on the trial from the primary
trial author(s), if required.

Dealing with duplicate and companion publications

In the event of duplicate publications, companion documents, or
multiple reports of a primary trial, we maximised the information
yield by collating all available data, and used the most complete
data set aggregated across all known publications. We listed
duplicate publications, companion documents, multiple reports
of a primary trial, and trial documents of included trials (such
as trial registry information) as secondary references under the
study ID of the included trial. Furthermore, we also listed duplicate
publications, companion documents, multiple reports of a trial,
and trial documents of excluded trials (such as trial registry
information) as secondary references under the study ID of the
excluded trial.

Data from clinical trial registries

If data from included trials were available as study results in clinical
trial registries such as ClinicalTrials.gov or similar sources, we made
full use of this information and extracted the data. If there was also
a full publication of the trial, we collated and critically appraised
all available data. If an included trial was marked as a completed
study in a clinical trial registry but no additional information (study
results, publication, or both) was available, we added this trial to
the 'Characteristics of studies awaiting classification' table.

Assessment of risk of bias in included studies

Pairs of review authors (SL, IT, DK) independently assessed the risk
of bias of each included trial. Any disagreements were resolved by
consensus or by consultation with a third review author (SL, IT, DK,
or JM). In case of disagreement, we consulted the rest of the author
team and made a judgement based on consensus. If adequate
information was not available from publications, trial protocols, or
other sources, we contacted the trial authors to request missing
data on the 'Risk of bias' domains.

We used the Cochrane 'Risk of bias' assessment tool (Higgins
2019b), to assign assessments of low, high, or unclear risk of bias
(for details see Appendix 2; Appendix 3). We evaluated individual
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bias items as described in the Cochrane Handbook for Systematic
Reviews of Interventions, according to the criteria and associated
categorisations therein (Higgins 2019b).

Summary assessment of risk of bias

A 'Risk of bias' graph and 'Risk of bias' summary figure are shown
in Figure 2 and Figure 3.

We distinguished between self-reported and investigator-assessed
outcome measures.

We considered the following self-reported outcomes.

« Body weight

« Adverse events

« Health-related quality of life
o Glucose levels

We considered the following investigator-assessed outcomes.

« HbAlc

« Body weight

« Diabetes complications

« All-cause mortality

« Anthropometric measures other than body weight
« Lipid profile

« Glucose levels

« Seruminsulin

« Insulin sensitivity

« Socioeconomic effects

Risk of bias for a trial across outcomes

Some 'Risk of bias' domains, such as selection bias (sequence
generation and allocation sequence concealment), affect the risk
of bias across all outcome measures in a trial. In case of high
risk of selection bias, we marked all outcomes investigated in
the associated trial as at high risk of bias. Otherwise, we did
not perform a summary assessment of the risk of bias across all
outcomes for a trial.

Risk of bias for an outcome within a trial and across domains

We assessed the risk of bias for an outcome measure by including
all entries relevant to that outcome (i.e. both trial-level entries and
outcome-specific entries). We considered low risk of bias to denote
a low risk of bias for all key domains; unclear risk to denote an
unclear risk of bias for one or more key domains; and high risk to
denote a high risk of bias for one or more key domains.

Risk of bias for an outcome across trials and across domains

These are the main summary assessments that we incorporated
into our judgements regarding the certainty of evidence in the
'Summary of findings' tables. We defined outcomes as being at low
risk of bias when most information came from trials at low risk of
bias; unclear risk when most information came from trials at low or
unclear risk of bias; and high risk when a sufficient proportion of
information came from trials at high risk of bias.

Measures of treatment effect

When at least two included trials were available for a comparison
of a given outcome, we tried to express dichotomous data as a risk
ratio (RR) or an odds ratio (OR), with 95% confidence intervals (Cls).
For continuous outcomes measured on the same scale (e.g. weight
loss in kg), we estimated the intervention effect using the mean
difference (MD) with 95% Cls. For continuous outcomes measuring
the same underlying concept (e.g. health-related quality of life) but
using different measurement scales, we planned to calculate the
standardised mean difference (SMD) with 95% Cls.

Unit of analysis issues

We took into account the level at which randomisation occurred,
such as cross-over trials, and multiple observations for the same
outcome. For more than one available comparison from the same
trial eligible for inclusion in the same meta-analysis, we planned to
either combine groups to create a single pair-wise comparison or
appropriately reduce the sample size so that the same participants
did not contribute data to the meta-analysis more than once
(splitting the 'shared' group into two or more groups). Whilst the
latter approach offers some solution to adjusting the precision of
the comparison, it does not account for correlation arising from
the same set of participants being in multiple comparisons (Higgins
2019a).

We attempted to re-analyse cluster-RCTs that did not appropriately
adjust for potential clustering of participants within clusters in
their analyses and therefore the variance of the intervention effects
was inflated by a design effect. Calculation of a design effect
involves estimation of an intracluster correlation coefficient (ICC).
We planned to obtain estimates of ICCs through contact with
authors orimpute them, either using estimates from otherincluded
trials that reported ICCs or using external estimates from empirical
research (e.g. Bell 2013). We planned to examine the impact of
clustering using sensitivity analyses.

Dealing with missing data

If possible, we obtained missing data from the authors of the
included trials. We carefully evaluated important numerical data
such as screened, randomly assigned participants as well as
intention-to-treat, as-treated, and per-protocol populations. We
investigated attrition rates (e.g. dropouts, losses to follow-up and
withdrawals), and critically appraised issues concerning missing
data and use of imputation methods (e.g. last observation carried
forward) if individuals were missing from the reported results.

When change from baseline is the outcome of interest, missing
standard deviations (SD) for changes from baseline constitute a
special case. If the trialauthors did not explicitly present these data,
and we could not obtain them from the authors, we calculated the
mean change in each group by subtracting the final mean from
the baseline mean. When baseline and final SDs were available, we
imputed the missing SD using an imputed value for the correlation
coefficient (Abrams 2005; Follmann 1992). Here, we planned to
use a correlation coefficient of zero (Higgins 2019a, see 16.1.3.2
'Imputing standard deviations for changes from baseline'), and
wanted to check in sensitivity analyses whether the overall result
of the analysis was robust to the use of different correlation
coefficients. We planned to report per outcome which trials with
imputed SDs were included. For cross-over trials with mean
difference as the measure of treatment effect, missing SD of the
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difference was imputed based on correlation coefficient obtained
from trials where SD of the difference was given. If there was no such
trial, we used the value of 0.5, performing sensitivity analyses for 0
and 0.8 (Higgins 2019a, see 16.4.6.1 'Mean differences').

Assessment of heterogeneity

Inthe event of substantial clinical or methodological heterogeneity,
we did not report trial results as the pooled effect estimate in a
meta-analysis.

We identified heterogeneity (inconsistency) by visually inspecting
the forest plots and by using a standard Chi? test with a significance
level of a = 0.1 (Deeks 2019). In view of the low power of
this test, we also considered the I? statistic — which quantifies
inconsistency across trials —to assess the impact of heterogeneity
on the meta-analysis (Higgins 2002; Higgins 2003). When we found
heterogeneity, we attempted to determine the possible reasons for
it by examiningindividual characteristics of the trialand subgroups.

Assessment of reporting biases

If we included 10 or more trials that investigated a given outcome,
we would use funnel plots to assess small-trial effects. There
are several possible explanations for funnel plot asymmetry,
including true heterogeneity of effect with respect to trial size,
poor methodological design (and hence small-trial bias), and
publication bias (Sterne 2017). We therefore planned to interpret
the results carefully (Sterne 2011).

Data synthesis

We planned to undertake (or display) a meta-analysis only if we
judged the participants, interventions, comparisons, and outcomes
to be sufficiently similar to ensure a result that was clinically
meaningful. Unless good evidence showed homogeneous effects
across trials of different methodological quality, we primarily
summarised data that are of low risk of bias using a random-
effects model (Wood 2008). We interpreted random-effects meta-
analyses with due consideration to the whole distribution of
effects and planned to present prediction intervals (Borenstein
2017a; Borenstein 2017b; Higgins 2009). A prediction interval needs
at least three trials to be calculated and specifies a predicted
range for the true treatment effect in an individual trial (Riley
2011). For rare events such as event rates below 1%, we used
Peto's odds ratio method, provided that there was no substantial
imbalance between intervention and comparator group sizes,
and intervention effects were not exceptionally large. In addition,
we performed statistical analyses according to the statistical
guidelines presented in the Cochrane Handbook for Systematic
Reviews of Interventions (Deeks 2019).

Subgroup analysis and investigation of heterogeneity

We expected the following characteristics to introduce clinical
heterogeneity, and we planned to carry out subgroup analyses for
these, including investigation of interactions (Altman 2003).

« Type lortype 2 diabetes.

o Age groups (children: 0to 18 years; adults: 19 to 64 years; elderly:
65 years or older).

« Length of non-nutritive sweetener intervention (medium versus
long term).

« Different types of non-nutritive sweeteners used.

+ Different types of sources of non-nutritive sweeteners (liquid,
mixed, solid).

Sensitivity analysis

We planned to perform sensitivity analyses to explore the influence
of the following factors (when applicable) on effect sizes by
restricting analysis to the following.

« Published trials.

« Effect of risk of bias, as specified in the Assessment of risk of bias
inincluded studies section.

« Very long or large trials to establish the extent to which they
dominated the results.

We used of the following filters, if applicable: diagnostic criteria,
imputation used, language of publication (English versus other
languages), source of funding (industry versus other), or country
(depending on data).

We also tested the robustness of results by repeating the analyses
using different statistical models (fixed-effect and random-effects
models).

Certainty of the evidence

We presented the overall certainty of the evidence for each
outcome specified below, according to the GRADE approach,
which takes into account issues related to internal validity (risk
of bias, inconsistency, imprecision, publication bias) and external
validity (such as directness of results). Two review authors (SL,
DK) independently rated the certainty of the evidence for each
outcome. We resolved any differences in assessment by discussion
or by consultation with a third review author (SL, IT, DK, JM).

We included 'Checklists to aid consistency and reproducibility of
GRADE assessments' (Appendix 17; Appendix 18; Appendix 19)
to help with standardisation of the 'Summary of findings' tables
(Meader 2014). We presented results for the outcomes as described
in the Types of outcome measures section. If meta-analysis was
not possible, we presented the results in a narrative format in the
'Summary of findings' table. We justified all decisions to downgrade
the certainty of the evidence using footnotes, and made comments
to aid the reader's understanding where necessary.

'Summary of findings' table

We presented a summary of the evidence in a 'Summary of
findings' table. This provides key information about the best
estimate of the magnitude of the effect, in relative terms and as
absolute differences, for each relevant comparison of alternative
management strategies; the numbers of participants and trials
addressing each important outcome; and a rating of overall
confidence in effect estimates for each outcome. We created the
'Summary of findings' table based on the methods described in
the Cochrane Handbook for Systematic Reviews of Interventions
(Schiinemann 2019), using the Review Manager 5 table editor
(Review Manager 2014). Interventions presented in the 'Summary
of findings' table were any type of NNS with or without a behaviour-
changing intervention, and comparators were usual diet, no
intervention, placebo, water, or a behaviour-changing intervention
alone.

We reported the following outcomes, listed according to priority.

Non-nutritive sweeteners for diabetes mellitus (Review)
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. Health-related quality of life
. Diabetes complications

. All-cause mortality

. Adverse events

HbAlc

. Body weight (kg)

. Socioeconomic effects
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RESULTS

Description of studies

For a detailed description of trials, see Table 2, Characteristics of
included studies and Characteristics of excluded studies.

Results of the search

The search was first run in January 2018, and then updated in
May 2019 (see Appendix 1 for details on search strategies). We
retrieved 1699 unique records. Most of the references clearly did
not meet the inclusion criteria based on title and abstract review
and were excluded (Figure 1). We evaluated 94 full texts or records
to determine their eligibility for inclusion in the review. Nine RCTs
published in 11 records met our inclusion criteria.
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Figure 1. Trial flow diagram.
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Ongoing trials

We did not identify ongoing trials matching our in- and exclusion
criteria.

Included studies

A detailed description of the characteristics of included trials is
presented in Characteristics of included studies; Table 2; Appendix
4; Appendix 5; Appendix 6; Appendix 7; Appendix 8; Appendix 9;
Appendix 10; Appendix 11; Appendix 12; Appendix 13; Appendix 14;
Appendix 15; Appendix 16. The following is an overview of the main
results.

Source of data

All included trials were published as full publications, and no
additional information was found in trial registries or other trial
documents (see Appendix 9). We contacted authors of all included
trials by email (Appendix 16). We also contacted the trial authors
when important information was needed to make a final decision
on the inclusion or exclusion of a study (Appendix 16).

One trial identified in a trial registry was finally excluded
based on information received from the authors via
email (EUCTR2006-002395-18-DK). In the case of other trial
methodological issues that could be resolved through email
correspondence with the authors, we used this information to
assess the risk of bias (Chantelau 1985).

Non-nutritive sweeteners for diabetes mellitus (Review)
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Comparisons

In five trials NNS were compared to placebo (Barriocanal 2008;
Grotz 2003; Maki 2008; Nehrling 1985; Stern 1976), whilst in
three trials NNS supplementation was compared to a supplement
containing sucrose (Chantelau 1985; Colagiuri 1989; Cooper 1988).
One trial compared NNS to another type of sweetener (Ensor 2015).

The type of NNS varied widely amongst trials: in two trials a Stevia
rebaudiana-based product was compared to placebo (Barriocanal
2008; Maki 2008); in one trial sucralose was compared to placebo
(Grotz 2003); and in two trials aspartame was compared to placebo
(Nehrling 1985; Stern 1976). In the trials using a sucrose-containing
comparator, the investigated NNS were: aspartame (Colagiuri
1989), saccharin (Cooper 1988), or cyclamate (Chantelau 1985).
In one trial a Stevia rebaudiana-based product was compared to
tagatose (Ensor 2015).

Overview of trial populations

The number of participants initially screened was described in
threetrials, ranging from 10, in Chantelau 1985, to 175, in Maki 2008.

A total of 661 of 979 randomised participants completed the trials,
of these 364 were randomised to the intervention and 333 to the
comparator group (see Table 2). The proportion of randomised
participants completing the trial ranged between 41.3%, in Ensor
2015, and 100%, in Chantelau 1985; Colagiuri 1989; Cooper 1988.
Individual final sample size ranged from 9, in Colagiuri 1989, to 204,
in Ensor 2015.

Trial design

Trials were published between the years 1976, Stern 1976, and
2015, Ensor 2015. Dates when trials were performed were not
clearly stated in trials.

Six trials were parallel RCTs (Barriocanal 2008; Ensor 2015; Grotz
2003; Maki 2008; Nehrling 1985; Stern 1976), whilst three trials had
a cross-over design (Chantelau 1985; Colagiuri 1989; Cooper 1988).
Five trials with parallel design had placebo as the comparator
(Barriocanal 2008; Grotz 2003; Maki 2008; Nehrling 1985; Stern
1976), and one used another type of sweetener as comparator
(Ensor 2015). The three cross-over trials compared NNS to sucrose.

Seven trials performed blinding of participants and personnel
(Barriocanal 2008, Colagiuri 1989; Cooper 1988; Ensor 2015; Grotz
2003; Nehrling 1985; Stern 1976); one trial clearly stated that
participants were not blinded (Chantelau 1985); and the remaining
trial reported no information on blinding (Maki 2008). Blinding of
outcome assessors was generally not reported.

Six trials had a run-in period with a duration of either one week
(Nehrling 1985; Stern 1976), two weeks (Maki 2008), four weeks
(Chantelau 1985; Grotz 2003), or eight weeks (Ensor 2015). In
one of these studies participants received placebo capsules two
times a day during the run-in period (Grotz 2003). The duration
of the intervention in the included trials varied from four weeks,
in Chantelau 1985, to 10 months, in Ensor 2015. Only one trial
followed participants after the intervention period (Grotz 2003).

The number of randomised participants varied from nine in a small
cross-over trial, Colagiuri 1989, to 494 in a parallel trial, Ensor 2015.
Four trials were multicentre trials (Ensor 2015; Grotz 2003; Maki

2008; Stern 1976), whilst the others were conducted in only one
centre.

None of the trials was terminated prematurely.

Settings

All trials were performed in outpatient settings.

Participants

One trialincluded only individuals with type 1 diabetes (Chantelau
1985); two trials included both individuals with type 1 and 2
diabetes (Barriocanal 2008; Nehrling 1985), whilst all other trials
included participants with type 2 diabetes only. Duration of
diabetes was reported in two trials for type 1, Barriocanal 2008;
Chantelau 1985, and in four trials for type 2 diabetes (Barriocanal
2008; Colagiuri 1989; Grotz 2003; Maki 2008); duration of disease
was more than one year, Chantelau 1985, or more than five years,
Barriocanal 2008, for individuals with type 1 diabetes, whilst it
ranged from more than one year, Barriocanal 2008; Maki 2008, to
a mean duration of 10.2 years, Grotz 2003, in those with type 2
diabetes.

All trials included adult males and females. Mean age of
participants at baseline was reported in six trials (Barriocanal 2008;
Colagiuri 1989; Cooper 1988; Ensor 2015; Grotz 2003, Maki 2008),
ranging from 25.4 to 65.6 years. Two studies provided age range of
participants (Chantelau 1985; Stern 1976).

Ethnicity was reported in three trials (Ensor 2015; Grotz 2003; Maki
2008): two trials included mainly white people, while the third trial
included mainly Asian participants (Ensor 2015). Six of the nine
included trials were conducted partly, Ensor 2015, or fully in the
USA (Cooper 1988; Grotz 2003; Maki 2008; Nehrling 1985; Stern
1976). None of the included trials involved participants from low-
income countries.

Seven trials reported baseline HbAlc levels. Three trials included
individuals with HbAlc = 7.5% at screening (type 2 diabetes
group in Barriocanal 2008; Colagiuri 1989; Maki 2008). One trial
included individuals with a mean baseline HbAlc > 9.5% (Nehrling
1985), whilst three trials included participants with a mean
baseline HbAlc between 7.7% and 9.5% (type 1 diabetes group in
Barriocanal 2008; Chantelau 1985; Cooper 1988).

Six trials reported BMI at baseline. Individuals with type 1 diabetes
in two studies, Barriocanal 2008; Chantelau 1985, and individuals
with type 2 diabetes in one study, Ensor 2015, had a normal BMI,
whilst other trials including those with type 2 diabetes reported a
baseline mean BMI of either 25 kg/m?to 30 kg/m?, Barriocanal 2008;
Colagiuri 1989; Cooper 1988, or 30 kg/m? to 35 kg/m?, Grotz 2003;
Maki 2008.

In two trials participants were reported to have comorbidities:
hypertension, Barriocanal 2008, or dyslipidaemia, Barriocanal
2008; Maki 2008, both of which were treated with medication.

Major exclusion criteria, mentioned in at least two trials, were
comorbidities such as cardiovascular diseases (Barriocanal 2008;
Maki 2008), renal failure (Barriocanal 2008; Cooper 1988; Ensor
2015; Maki 2008), or poorly controlled hypertension (Barriocanal
2008; Ensor 2015; Maki 2008); acute illness (Barriocanal 2008;
Cooper 1988); or pregnancy (Barriocanal 2008; Ensor 2015; Maki
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2008). Infive trials no exclusion criteria were mentioned (Chantelau
1985; Colagiuri 1989; Grotz 2003; Nehrling 1985; Stern 1976).

Diagnosis

Only three publications described how diabetes was diagnosed
in the trial. In one trial diabetes diagnosis was defined based
on the classification of an international workgroup sponsored by
the National Diabetes Data Group of the US National Institutes
of Health (Colagiuri 1989), whilst in another trial diabetes was
established by a fasting plasma glucose > 140 mg/dL, an abnormal
oral glucose tolerance test as interpreted by the US Public Health
Service criteria, or an unequivocal history of diabetes (Nehrling
1985). In the third trial diagnosis of diabetes was established
"according to WHO criteria" (Ensor 2015).

Interventions

In five of the nine trials NNS were provided in capsule form
(Barriocanal 2008; Grotz 2003; Maki 2008; Nehrling 1985; Stern
1976). In two trials NNS were added to the usual diet (Colagiuri
1989; Cooper 1988), whilst in one trial participants were instructed
to consume either NNS or sucrose ad libitum, and the consumed
amounts were measured (Chantelau 1985).

Aspartame was administered in three trials (Colagiuri 1989;
Nehrling 1985; Stern 1976), in a daily dose ranging from 162 mg,
Colagiuri 1989, to 2.7 g, Nehrling 1985. Cyclamate was consumed
by participants one trial, ad libitum with a mean daily dose
of 348 mg (Chantelau 1985). Saccharin was consumed in one
trial, in combination with starch, at 30 g daily (Cooper 1988).
Stevia rebaudiana-based products were consumed in two trials,
in the form of 250 mg capsules, administered three times a day,
Barriocanal 2008, or four times a day, Maki 2008. Sucralose was the
dietary supplement used in two trials, administered in the form of
667 mg capsules, Grotz 2003, or 1500 mg dissolved in water, Ensor
2015.

Outcomes

Three trials specified primary outcomes (Ensor 2015; Grotz 2003;
Maki 2008), one of them in the full text of the publication, but notin
the abstract (Maki 2008), whilst another trial specified the primary
outcome only in the abstract of the publication (Grotz 2003). In the
third trial the primary outcome was specified in two trial registries,
the publication abstract, and the main text of the publication with
some discrepancies between information in the registries and the
full-text publication (adverse events were listed amongst primary
outcomes in the publication, but not in the registry entries) (Ensor
2015). Secondary outcomes were explicitly stated in one trial (Ensor
2015). For full details see Appendix 9.

Allincluded trials reported at least one of the primary outcomes of
relevance for this review. Eight trials assessed HbAlc (Barriocanal
2008; Chantelau 1985; Colagiuri 1989; Cooper 1988; Ensor 2015;
Grotz 2003; Maki 2008; Nehrling 1985). Seven trials assessed
body weight (Barriocanal 2008; Chantelau 1985; Colagiuri 1989;
Cooper 1988; Ensor 2015; Maki 2008; Stern 1976). One trial did not
report data on body weight (Barriocanal 2008), whilst another trial
reported body weight data as change from baseline to the average
of values at weeks 12 and 16 (Maki 2008).

Adverse events were assessed in six trials (Barriocanal 2008; Ensor
2015; Grotz 2003; Maki 2008; Nehrling 1985; Stern 1976). In two of
these trials adverse events were not specified; the authors only
stated that "there were no significant differences between the
treatment groups in the type, number, or severity of adverse events
reported" (Grotz 2003), or that "subjects exhibited no symptoms
that could be attributed to the administration" of the NNS or
placebo (Stern 1976). Four trials reported data on adverse events
(Barriocanal 2008; Ensor 2015; Maki 2008; Nehrling 1985).

None of the included trials investigated all-cause mortality,
diabetes complications, health-related quality of life, or
socioeconomic effects.

Excluded studies

We excluded 83 articles or records after full-text screening (Figure
1). Excluded references are listed in Characteristics of excluded
studies.

We excluded 27 records because they did not describe a
primary study (Anonymous 1979; Barbosa Martin 2014; Bastaki
2015; Beringer 1973; Bloomgarden 2011; Chantelau 1986; Corfe
1858; Dinkovski 2017; Gapparov 1996; Healy 2013; Heraud 1976;
Macdonald 1970; Mazovetskii 1976; Mehnert 1975; Mehnert 1979;
Purdy 1988; Saundby 1887; Skyler 1980; Sloane 1858; Stevens
2013; Stoye 2008; Tuttas 2012; Verspohl 2014; Watal 2014; Williams
1858; Williams 2014; Ylikahri 1980), and a further 11 records
due to inappropriate trial design (Farkas 1965; McCann 1956;
NCT02813759; Noren 2014; Parimalavalli 2011; Ritu 2016; Schatz
1977; Sharafetdinov 2002; Shigeta 1985; Williams 1857; Wills 1981).
We excluded 13 records because the duration of the intervention
was shorter than four weeks (ACTRN12618000862246; Baturina
2004; Deschamps 1971; Ferland 2007; Fukuda 2010; Maki 2009;
NCT01324921; NCT03680482; PACTR201410000894447; Prols 1973;
Prols 1974; Rogers 1994; Vorster 1987); in four trials the intervention
was unclear (IRCT2015091513612N6; Madjd 2017; NCT02412774;
Odegaard 2017); whilst in another four trials the intervention was
not an NNS (Reyna 2003; Sadeghi 2019; Samanta 1985; Simeonov
2002). One trial described in a registry entry was never started
based on information from the authors (EUCTR2006-002395-18-
DK).

We excluded 23 records describing trials that did not include
participants of relevance for this review (Blackburn 1997; Ferri 2006;
Kanders 1988; Knopp 1976; Leon 1989; Maersk 2012; Masic 2017;
Morris 1993; NCT02252952; NCT02487537; Peters 2014; Peters 2016;
Piernas 2011; Piernas 2013; Reid 1994; Reid 1998; Reid 2010; Rodin
1990; Sgrensen 2014; Taljaard 2013; Tsapok 2012; Vazquez Duran
2013; Z6llner 1971).

Risk of bias in included studies

For details on the risk of bias of included trials, see Characteristics
of included studies.

For an overview of review authors' judgements about each 'Risk of
bias' item for individual trials and across all trials, see Figure 2 and
Figure 3.
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Figure 2. Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages

across all included trials (blank cells indicate that the particular outcome was not measured in some trials).
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or on allocation concealment (Barriocanal 2008; Colagiuri 1989;
Cooper 1988; Ensor 2015; Grotz 2003; Maki 2008; Stern 1976), and
were therefore judged as at unclear risk of bias for both domains.

Allocation

We judged only one trial as at low risk of selection bias regarding
the method of both randomisation and allocation concealment

including hypertension and cardiovascular disease) were balanced
between theintervention groups at baseline, but were not reported

Key prognostic variables (age, gender, BMI, ethnicity, comorbidities
in all trials (see Appendix 6; Appendix 7).

For another trial we were able to retrieve

information on participant selection by contacting the authors;
based on this information we judged the method used for

generating random sequence to be at low risk of bias, whilst
allocation, which was done in an open manner, was judged as

at high risk of bias (Chantelau 1985). The remaining seven trials

(Nehrling 1985).

reported only that participants were randomised without providing

any further description either on random sequence generation
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Blinding

There was one open-label trial, which we judged as at high
risk of bias for blinding of participants and personnel for the
outcome measures body weight and glucose levels (Chantelau
1985). All of the other included trials explicitly reported blinding
of participants and personnel (Barriocanal 2008; Colagiuri 1989;
Cooper 1988; Ensor 2015; Grotz 2003; Maki 2008; Nehrling 1985;
Stern 1976), which was ensured by using placebo, Barriocanal
2008; Ensor 2015; Grotz 2003; Maki 2008; Nehrling 1985; Stern
1976, or by identical packing, Colagiuri 1989, and similar taste of
the intervention substance (Cooper 1988). Outcome assessment
was less well described across trials, with none of the nine trials
providing clear information on blinding of outcome assessors.

Measurements of HbAlc were investigator assessed in all trials
where this outcome was measured, and since HbAlc is an objective
laboratory measure, we judged performance bias as at low risk
evenin the trial where participants and personnel were not blinded
(Chantelau 1985). For the same reason, we judged detection bias as
at low risk in all seven reporting trials.

Where measured, body weight was investigator assessed. Amongst
trials reporting body weight, we judged six trials with a double-
blind design as at low risk of performance bias (Barriocanal 2008;
Colagiuri 1989; Cooper 1988; Ensor 2015; Maki 2008; Stern 1976),
and one trial with a lack of blinding as at high risk of performance
bias (Chantelau 1985). As in general there was no information
on the blinding of outcome assessors, we judged trials reporting
body weight as at unclear risk of detection bias (Barriocanal
2008; Colagiuri 1989; Cooper 1988; Ensor 2015; Maki 2008; Stern
1976). We received additional information from the authors of one
study stating that body weight was measured independently by
personnel unrelated to the study, therefore we judged detection
bias for this study as at low risk (Chantelau 1985).

Adverse events were reported in four trials and were always self-
reported by participants. As participants were adequately blinded
in trials reporting adverse events, we judged both performance and
detection bias as at low risk in these trials (Barriocanal 2008; Grotz
2003; Nehrling 1985; Stern 1976).

Incomplete outcome data

Six trials reported the numbers of participants randomised to
each intervention/comparator group as well as those who finished
the trials (Chantelau 1985; Cooper 1988; Ensor 2015; Grotz
2003; Maki 2008; Nehrling 1985). The proportion of randomised
participants completing these trials per protocol varied from 41.3%,
in Ensor 2015, to 100%, in Chantelau 1985; Cooper 1988. The
remaining three trials did not report on the number of participants
randomised to each intervention/comparator group, only the total
number of participants randomised and the number of participants
finalising the study (Barriocanal 2008; Colagiuri 1989; Stern 1976).
One trial did not clearly report the number of participants analysed
(Stern 1976).

Three trials clearly reported the number of participant losses
(Grotz 2003; Maki 2008; Nehrling 1985). In one of the trials, the
study authors stated that discontinuations did not happen as a
consequence of an adverse event, but did not provide further
details (Grotz 2003). In one trial reasons for discontinuations
included: withdrawal of consent (one), protocol violation (one),
personal reasons (one), and adverse events (three) (Maki 2008). In

the third trial there was only one dropout, and the reason was an
adverse event (Nehrling 1985).

Eight trials reported data for HbA1lc. In two trials HbAlc data were
reported for all randomised participants (Chantelau 1985; Cooper
1988), whilst in one trial imputed data were balanced in numbers
across groups (Maki 2008); we judged these trials reporting on
HbAlc to be at low risk of attrition bias. In one trial dropout
rates were reported for both groups without a detailed description
of reasons (Grotz 2003), whilst in another trial it was unclear
whether there were any dropouts (Colagiuri 1989). In a further trial,
HbA1lc data were reported only for participants completing the trial
(Nehrling 1985). We judged these trials as at unclear risk of attrition
bias for the outcome HbA1lc. In two trials with high dropout rates
reasons for attrition were not reported (Barriocanal 2008; Ensor
2015), therefore these trials were judged as at high risk of attrition
bias for the outcome HbA1c.

Seven trials collected data for body weight. Three trials reported
data on body weight for all randomised participants and were
judged to be at low risk of bias (Chantelau 1985; Cooper 1988; Maki
2008). We assessed two trials as at unclear risk of attrition bias
either because it was unclear whether there were any dropouts,
Colagiuri 1989, or because reasons for attrition were not reported
in a trial with low dropout rates, Stern 1976. In one trial with high
dropout rates, data on body weight and numbers of and reasons
for missing body weight data were not reported (Barriocanal 2008),
therefore we judged this trial as at high attrition bias for the
outcome body weight. One further trial with high dropout rates
mentioned that body weight of participants was measured, but
data for body weight (kg) were not provided (Ensor 2015).

Three trials reported adverse events in detail (Barriocanal 2008;
Maki 2008; Nehrling 1985). In one trial, adverse events were not
reported, but were described to be balanced across groups (Grotz
2003); we judged this trial as at low risk of attrition bias for this
outcome. In one study the numbers of and reasons for participant
losses due to adverse events were unclear (Stern 1976).

None of the trials performed an intention-to-treat analysis.

Selective reporting

We did not find published protocols for any of the included trials.
We judged five trials to be at low risk of reporting bias according
to the Outcome Reporting Bias In Trials (ORBIT) classification,
because it appeared that all expected outcomes had been reported
(Chantelau 1985; Colagiuri 1989; Cooper 1988; Maki 2008; Nehrling
1985). We judged four trials to be at high risk of reporting bias: in
one of these trials it was described in the methods that weight and
waist circumference were measured, but values were not reported
(Barriocanal 2008); in another trial body weight and BMI were
measured but data were not reported (Ensor 2015); in a further
trial the outcomes HbA1lc, fasting glucose, and adverse events were
reported incompletely (Grotz 2003); and in the fourth trial body
weight and glucose levels were reported in a selective way (Stern
1976). For more details, see Appendix 9; Appendix 10.

Other potential sources of bias

As potential other sources of bias we evaluated the presence
of industry sponsorship (Lundh 2017), and for cross-over studies
whether the trial could be biased from carry-over effects (Higgins
2019a). In one trial investigators declared that they had received
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products used for supplementation from industry (Barriocanal
2008); in four trials study authors provided a general statement
about industry funding (Ensor 2015; Grotz 2003; Maki 2008;
Nehrling 1985); and in one study it was unclear if industry funding
had been received (Stern 1976); we judged all of these studies to be
at unclear risk of bias. One trial had a cross-over design without a
washout period between the two intervention periods (Chantelau
1985), and two trials described both industry funding and cross-
over design without washout period (Colagiuri 1989; Cooper 1988);
we judged these trials to be at high risk of bias.

Effects of interventions

See: Summary of findings 1 Non-nutritive sweeteners for diabetes
mellitus

For a summary of the evidence, see Summary of findings 1.

Baseline characteristics

For details of baseline characteristics, see Appendix 6; Appendix 7.

Any type of NNS, either alone or in combination with another
NNS, versus sugar (i.e. usual diet containing sugar or diet
containing sugar with additional sugar as supplement)

Weidentified three trials comparing the health effects of a NNS with
sugar. In two trials NNS were added to the usual diet (Colagiuri
1989; Cooper 1988), whilst in the third study participants were
instructed to consume either NNS or sucrose ad libitum, and
the consumed amounts were measured (Chantelau 1985). NNS
used were aspartame (Colagiuri 1989), saccharin (Cooper 1988), or
sodium-cyclamate (Chantelau 1985). The duration of intervention
ranged from four weeks, Chantelau 1985, to six weeks, Colagiuri
1989; Cooper 1988.

Two of the trials involved participants with type 2 diabetes
(Colagiuri 1989; Cooper 1988), whilst one trial involved participants
with type 1 diabetes (Chantelau 1985).

All three trials had a cross-over design and were reporting data
for the first and second periods together. None of the three trials
described a washout period.

Primary outcomes
HbA1lc

Three trials compared the effects of NNS as compared to sugar
on HbAlc, including overall 72 participants (random-effects mean
difference (MD) 0.4%, 95% confidence interval (Cl) -0.5 to 1.2; fixed-
effect MD 0.4%, 95% CI 0.1 to 0.7; P = 0.44; 3 trials; 72 participants;
very low-certainty evidence; Analysis 1.1). There was considerable
heterogeneity (1> =86%), likely caused by the combination of cross-
over study design, low number of participants, short intervention
period, and no washout period between interventions. The 95%
prediction interval did not provide a meaningful estimate.

Due to the short, Chantelau 1985, or missing, Colagiuri 1989;
Cooper 1988, run-in periods and short intervention duration lasting
only four, Chantelau 1985, to six weeks, Colagiuri 1989; Cooper
1988, carry-over effects and effects of the consumption before the
study start might have had a considerable impact on results.

Body weight (kg)

Three trials reported weight change (MD -0.1 kg, 95% Cl -2.7 to
2.6; P = 0.96; 3 trials; 72 participants; very low-certainty evidence;
Analysis 1.2).

Adverse events

None of the trials reported on non-serious or serious adverse
events.

Secondary outcomes
Diabetes complications

None of the trials reported on diabetes complications.

All-cause mortality

None of the trials reported on all-cause mortality.

Health-related quality of life

None of the trials reported on health-related quality of life.

Anthropometric measures other than body weight (kg)

None of the trials reported on anthropometric measures other than
body weight.

Lipid profile

Three trials reported total cholesterol (MD -0.8 mg/dL, 95% Cl -11.1
to 9.6; P = 0.88; 3 trials; 72 participants; Analysis 1.3). Three trials
reported HDL cholesterol (MD -1.1 mg/dL, 95% Cl -5.6 to 3.4; P
= 0.64; 3 trials; 72 participants; Analysis 1.4). One trial reported
LDL cholesterol (MD 1.2 mg/dL, 95% ClI -15.6 to 18; 1 trial; 34
participants; Analysis 1.5). Three trials reported triglycerides (MD
-1.5 mg/dL, 95% Cl -15 to 11.9; P = 0.82; 3 trials; 72 participants;
Analysis 1.6).

Glucose levels (fasting and postprandial)

Two trials reported fasting blood glucose levels (MD -5.0 mg/dL,
95% CI -28.3 t0 18.3; P = 0.67; 2 trials; 52 participants; Analysis 1.7).
One trial reported postprandial blood glucose levels (MD 11.9 mg/
dL, 95% Cl -20.7 to 44.5; 1 trial; 20 participants; Analysis 1.8).

Serum insulin

One trial reported serum insulin levels (MD 0.8 microunits/mL, 95%
Cl-2.8 to 4.4; 1 trial; 34 participants; Analysis 1.9).

Insulin sensitivity
None of the trials reported on insulin sensitivity.

Socioeconomic effects

None of the trials reported on socioeconomic effects.

Any type of NNS, either alone or in combination with another
NNS, versus no intervention

We identified no trials comparing NNS with no intervention.

Any type of NNS, either alone or in combination with another
NNS, versus placebo

We identified five trials comparing the health effects of an NNS with
placebo. In all of these trials both NNS and placebo were added
as a dietary supplement (in the form of capsules) to the usual
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diet. Two trials added Stevia rebaudiana-based products, one in
the form of steviol glycoside capsules (250 mg three times a day
for 3 months) (Barriocanal 2008), and the other as rebaudioside A
(250 mg capsules four times a day for 16 weeks) (Maki 2008). The
capsules differed slightly in the purity of stevia content (92% purity
in the first study and 97% in the second study). One study compared
the effects of sucralose (667 mg daily in capsules for 13 weeks) with
placebo (Grotz 2003), whilst two trials investigated aspartame as
the intervention (Nehrling 1985; Stern 1976), with an intervention
duration of 18 and 13 weeks and a daily dose of 2.7 gand 1.8 g,
respectively.

For this comparison, three trials evaluated participants with
type 2 diabetes (Grotz 2003; Maki 2008; Stern 1976), one study

both participants with type 1 and type 2 diabetes (Nehrling
1985); and one study both participants with type 1 and type 2
diabetes, however these were analysed as separate study groups
(Barriocanal 2008).

Primary outcomes
HbA1lc

Of the four trials comparing NNS with placebo, two trials provided
data as final value scores and two as change-from-baseline scores.
NNS had no substantial effect on HbAlc (MD 0%, 95% CI -0.1 to
0.1; P =0.99; 4 trials; 360 participants; very low-certainty evidence;
Analysis 2.1; Figure 4). The 95% prediction interval ranged between
-0.3% and 0.3%.

Figure 4. Forest plot of comparison: 2 NNS versus placebo, outcome: 2.1 HbAlc (%).

NNS Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
2.1.1 Studies with final value scores
Barriocanal 2008 6.8435  1.1275 23 7.3217  1.4087 23 3.1% -0.48 [-1.22, 0.26] 1
Nehrling 1985 114 0.5 29 114 0.6 33 22.6% 0.00 [-0.27, 0.27] .
Subtotal (95% CI) 52 56 25.8% -0.11 [-0.51, 0.28] ’
Heterogeneity: Tau? = 0.03; Chi2 = 1.42, df = 1 (P = 0.23); I = 30%
Test for overall effect: Z = 0.55 (P = 0.58)
2.1.2 Studies with change-from-baseline scores
Grotz 2003 -0.3 6.55 65 -0.13 7.05 65 0.3% -0.17 [-2.51,2.17] I
Maki 2008 0.11 0.46 60 0.09 0.39 62 73.9% 0.02 [-0.13, 0.17]
Subtotal (95% CI) 125 127 74.2% 0.02 [-0.13, 0.17]
Heterogeneity: Tau? = 0.00; Chi2 = 0.03, df = 1 (P = 0.87); I = 0%
Test for overall effect: Z = 0.25 (P = 0.80)
Total (95% CI) 177 183 100.0% -0.00 [-0.13, 0.13]

Heterogeneity: Tau? = 0.00; Chi2 = 1.70, df = 3 (P = 0.64); I> = 0%
Test for overall effect: Z = 0.01 (P = 0.99)
Test for subgroup differences: Chi? = 0.36, df = 1 (P = 0.55), 2 = 0%

Body weight (kg)

Two trials reported data on body weight: one of them reported data
as change from baseline to the average of values at weeks 12 and
16, with baseline defined as the average of values at weeks -2 and 0

2 10 1 2
Favours NNS Favours placebo

(Maki 2008), whilst the other reported mean (standard error) values
for baselineand week 13 (Stern 1976). Comparing NNS with placebo
showed an MD in body weight of -0.2 kg, 95% Cl -1 to 0.6; P = 0.64;
2 trials; 184 participants; Analysis 2.2; Figure 5.
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Figure 5. Forest plot of comparison: 2 NNS versus placebo, outcome: 2.2 Body weight (kg).

NNS Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
2.2.1 Studies with final value scores
Stern 1976 80.3 16.7 33 79.4 14.3 29 1.1% 0.90 [-6.82 , 8.62] 4
Subtotal (95% CI) 33 29 1.1% 0.90 [-6.82, 8.62] ‘
Heterogeneity: Not applicable
Test for overall effect: Z = 0.23 (P = 0.82)
2.2.2 Studies with change-from-baseline scores
Maki 2008 0 2.32 60 0.2 2.32 62  98.9% -0.20 [-1.02, 0.62] .
Subtotal (95% CI) 60 62  98.9% -0.20 [-1.02, 0.62]
Heterogeneity: Not applicable
Test for overall effect: Z = 0.48 (P = 0.63)
Total (95% CI) 93 91 100.0% -0.19 [-1.01, 0.63]
Heterogeneity: Tau? = 0.00; Chi2 = 0.08, df = 1 (P = 0.78); I> = 0% ) )

Test for overall effect: Z = 0.45 (P = 0.65)
Test for subgroup differences: Chi? = 0.08, df = 1 (P = 0.78), 2 = 0%

Adverse events

Three trials reported the numbers of participants experiencing
at least one non-serious adverse event, with a total of 36/113
participants (31.9%) in the NNS group versus 42/118 participants

50 25 0 25 50
Favours NNS Favours placebo

(35.6%) in the placebo group having a non-serious adverse event
(risk ratio (RR) 0.78, 95% CI 0.39 to 1.56; P = 0.48; 3 trials; 231
participants; very low-certainty evidence; Analysis 2.3; Figure 6).
The 95% prediction interval did not provide a meaningful estimate.

Figure 6. Forest plot of comparison: 2 NNS versus placebo, outcome: 2.3 Adverse events (n/N).

NNS Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Barriocanal 2008 3 23 5 23 19.1% 0.60 [0.16, 2.22] JR
Maki 2008 27 60 23 62 48.4% 1.21[0.79, 1.86] 8
Nehrling 1985 6 30 14 33 325% 0.47[0.21, 1.07] .
Total (95% CI) 113 118 100.0% 0.78 [0.39, 1.56]
Total events: 36 42
Heterogeneity: Tau? = 0.21; Chi? = 4.64, df =2 (P = 0.10); 2= 57% 0.005 01 1 10 200
Test for overall effect: Z = 0.70 (P = 0.48) Favours NNS Favours placebo

Test for subgroup differences: Not applicable

Two further trials only narratively reported on adverse events. One
of these trials provided the incidence of experienced symptoms,
reporting that "mild gastrointestinal complaints were the most
common discomforts observed" (Stern 1976). The other trial only
mentioned that "there were no significant differences between the
treatment groups in type, number, or severity of adverse events
reported" (Grotz 2003).

Two trials reported on serious adverse events (Appendix 12): no
serious adverse events occurred in one study (Barriocanal 2008),
and 4/60 and 3/62 serious adverse events occurred in the NNS and
placebo groups, respectively, in the other trial (Maki 2008).
Secondary outcomes

Diabetes complications

None of the trials reported on diabetes complications.

All-cause mortality

None of the trials reported on all-cause mortality.

Health-related quality of life

None of the trials reported on health-related quality of life.

Anthropometric measures other than body weight (kg)

Barriocanal 2008 reported on BMI (MD —0.4 kg/m?, 95% CI -3 t0 2.2;
P =0.76; 1 trial; 46 participants; Analysis 2.4).

Lipid profile

Three trials reported total cholesterol, two of them with final value
scores and one as change-from-baseline scores (MD 2 mg/dL, 95%
Cl -4.8 to 8.8; P = 0.57; 3 trials; 228 participants; Analysis 2.5).
Two trials reported HDL cholesterol, one of them providing data
as final value scores and one as change-from-baseline scores (MD
-0.4 mg/dL, 95% Cl -2.2 to 1.4; P = 0.67; 2 trials; 168 participants;
Analysis 2.6). Two trials reported LDL cholesterol, one of them
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with providing data as final value scores and one as change-from-
baseline scores (3.1 mg/dL, 95% CI -2.9 to 9.1; P = 0.31; 2 trials; 168
participants; Analysis 2.7). Two trials reported triglycerides, both of
them providing data as final value scores (MD 18.5 mg/dL, 95% ClI
-6.8 t0 43.7; P =0.15; 2 trials; 106 participants; Analysis 2.8).

Glucose levels (fasting and postprandial)

Five trials reported fasting blood glucose levels, four of them
providing data as final value scores and one as change-from-
baseline scores (MD 2.2 mg/dL, 95% Cl -11.6 to 16.1; P =
0.75; 5 trials; 384 participants; Analysis 2.9). One trial reported
postprandial blood glucose levels (MD -1.1 mg/dL, 95% Cl -55.1 to
53.1; P =0.97; 1 trial; 62 participants; Analysis 2.10).

Serum insulin

Two trials reported serum insulin levels, one reporting data as
final value scores and one as change-from-baseline scores (MD -2.5
microunits/mL,95% Cl -5.4t0 0.4; 2 trials; 152 participants; Analysis
2.11).

Insulin sensitivity

None of the trials reported on insulin sensitivity.

Socioeconomic effects

None of the trials reported on socioeconomic effects.

Any type of NNS, either alone or in combination with another
NNS, versus water

We identified no trials comparing NNS with water.

Any type of NNS, either alone or in combination with another
NNS, versus NNS of a different dose

We identified no trials comparing NNS with a different dose of NNS.
Any type of NNS, either alone or in combination with another
NNS, versus a nutritive (low-calorie) sweetener

One trial compared the effects of NNS alone (sucralose 1.5 g, three
times aday, dissolved in 125 mL to 250 mL of water) with a nutritive,
low-calorie sweetener (tagatose 15 g, three times a day, dissolved
in 125 mL to 250 mL of water) (Ensor 2015), with an intervention
duration of 10 months. The trial included participants with type 2
diabetes.

Primary outcomes
HbAlc

Onetrial reported HbAlc (MD 0.3%, 95% CI0.1t0 0.4; P=0.01; 1 trial;
354 participants; very low-certainty evidence; Analysis 3.1 in favour
of the nutritive (low-calorie) sweetener).

Body weight (kg)

One trial measured body weight, but data were not reported. It was
only stated that "there was no observed effect of D-tagatose on
changes on body weight" compared to the NNS group.

Adverse events

The trial stated that adverse events were assessed, but the number
of participants and types of adverse events were not reported.

Secondary outcomes
Diabetes complications

One trial did not report data on diabetes complications.

All-cause mortality

One trial did not report data on all-cause mortality.

Health-related quality of life
One trial did not report data on health-related quality of life.

Anthropometric measures other than body weight (kg)

One trial assessed BMI narratively, stating that there were no
significant differences between the sucralose and the tagatose
groups.

Lipid profile

Ensor 2015 reported on total cholesterol (MD 1 mg/dL, 95% CI
-5.1 to 7.1; P = 0.75; 1 trial; 354 participants; Analysis 3.2); HDL
cholesterol (MD 1.3 mg/dL, 95% Cl -0.3 to 2.8; P = 0.11; 1 trial;
354 participants; Analysis 3.3); LDL cholesterol (MD 3 mg/dL, 95%
Cl -2.5 to 8.5; P = 0.29; 1 trial; 354 participants; Analysis 3.4); and
triglycerides (MD -22 mg/dL, 95% Cl -44.9 to 0.9; P = 0.06; 1 trial;
354 participants; Analysis 3.5).

Glucose levels (fasting and postprandial)

Onetrial reported fasting blood glucose levels (MD 6.50 mg/dL, 95%
Cl-0.79 to 13.79; P = 0.08; 1 trial; 354 participants; Analysis 3.6).

Serum insulin

One trial reported serum insulin concentrations narratively, stating
that "there was no detectable consistent change in serum insulin
concentrations (Ensor 2015)".

Insulin sensitivity

One trial did not report data on insulin sensitivity.

Socioeconomic effects

One trial did not report data on socioeconomic effects.

Any type of NNS, either alone or in combination with another
NNS, plus a behaviour-changing intervention such as diet,
exercise, or both versus any of the comparators (usual diet,
no intervention, placebo, water, a different NNS, NNS of a
different dose, another type of sweetener)

We identified no trials comparing NNS combined with a behaviour-
changing intervention versus a comparator of interest.

Subgroup analyses

We did not perform subgroup analyses because there were not
enough trials to estimate effects in various subgroups.

Sensitivity analyses

We could not perform a sensitivity analysis for published trials
versus unpublished trials because all available data originated
from published trials. Sensitivity analyses for risk of bias were not
meaningful because of the low number of studies investigating
the same comparisons and outcomes and due to the diversity
in follow-up periods. We could not perform sensitivity analysis
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excluding large trials because none of the included trials had
more than 1000 participants randomised to each intervention
group. There were also no long-term trials with a follow-up period
of six months or more, therefore a sensitivity analysis for long-
term trials was not possible. Diagnostic criteria were described
in only three trials (Colagiuri 1989; Ensor 2015; Nehrling 1985),
which had different comparison groups, therefore a sensitivity
analysis for diagnostic criteria was not feasible. All included
trials were published in English, and there were only two trials
either declaring no commercial funding, Stern 1976, or providing
no statement about funding in the manuscript, Chantelau 1985,
therefore sensitivity analyses according to language of publication
or excluding trials funded by a pharmaceutical company were not
meaningful.

It was not feasible to combine results from cross-over trials and
trials with parallel design, as cross-over trials were available
only for the comparison NNS versus sugar, and trials with a
parallel design were only available for the comparisons NNS
versus placebo and NNS versus another type of sweetener.
We performed sensitivity analyses to investigate the impact of
assumed correlation coefficients for the imputation of the standard
deviation of difference in cross-over trials with mean difference as
the measure of treatment effect (Analysis 4.1; Analysis 4.2; Analysis
4.3; Analysis 4.4; Analysis 4.5; Analysis 4.6; Analysis 4.7; Analysis
4.8; Analysis 4.9), and concluded that the assumed correlation
coefficient has no relevant effect on the overall effect estimate.

Assessment of reporting bias

We did not use funnel plots due to the limited number of trials (N=3
for the comparison NNS versus sugar, N =5 for the comparison NNS
versus placebo, and only one trial for the comparison NNS versus
another type of sweetener).

DISCUSSION

Summary of main results

This Cochrane Review investigated the health effects of NNS
compared with any other type of dietary intervention in people with
type 1 or type 2 diabetes. We included nine trials with a total of
979 randomised participants. We judged all trials to have unclear
or high risk of bias in one or more "Risk of bias’ domains. We found
no evidence of benefit or harm on patient-important outcomes.
Evidence on the use of NNS showed neither clear benefit nor harm
for HbAlc, body weight, and adverse events for the comparisons
NNS versus sugar and NNS versus placebo (very low-certainty
evidence). For the comparison NNS versus a nutritive, low-calorie
sweetener (tagatose), there was a small benefit for HbAlc in favour
of the nutritive, low-calorie sweetener, based on very low-certainty
evidence and which we judged as clinically irrelevant.

Overall completeness and applicability of evidence

The evidence for health benefits or harms related to NNS
consumption in diabetes mellitus as compared to a diet without
NNS, a diet containing sugar, or a diet containing a nutritive, low-
calorie sweetener, isincomplete. We included nine completed trials
involving adult participants with either type 1 or type 2 diabetes.

For the comparison NNS versus sugar, there were only three
small cross-over trials available, which contributed data for meta-
analyses for HbAlc (three trials), body weight (three trials), total

cholesterol (three trials), HDL cholesterol (three trials), triglycerides
(three trials), and fasting blood glucose levels (two trials). For
the outcomes LDL cholesterol, postprandial blood glucose levels,
and serum insulin, data were available from only one trial.
Consequently, there remains a paucity of evidence regarding the
effects of these interventions in diabetes on medium- or longer-
term health.

For the comparison NNS versus placebo, five trials were available,
all with a parallel study design. Three of these trials were
small, with fewer than 100 participants, whilst the other two
trials included between 100 and 200 participants. These trials
contributed data for meta-analyses for HbAlc (four trials), body
weight (two trials), total cholesterol (three trials), HDL cholesterol
(two trials), LDL cholesterol (two trials), triglycerides (two trials),
fasting blood glucose levels (five trials), serum insulin levels (two
trials), and adverse events (three trials). For the outcomes BMI and
postprandial blood glucose levels, data were available from only
one trial.

For the comparison NNS versus a nutritive sweetener, only one trial
was available, which provided data on the outcomes HbAlc, lipid
profile, and fasting glucose.

There were no data from included trials with regard to health-
related quality of life, diabetes complications, all-cause mortality,
or socioeconomic effects.

Our ability to draw firm conclusions was further limited by notable
variations in the characteristics of the interventions assessed (i.e.
the different types of NNS used in different trials) and participants
included in the trials (i.e. participants with type 1 or type 2
diabetes, with or without different comorbidities). Whilst we chose
to combine trials with type 1 and type 2 diabetes participantsin one
comparison, and attempted to explore variation through subgroup
analyses, our ability to do this was limited because of the low
number of trials in total. Furthermore, the types of NNS used in
the included trials varied widely amongst trials, but due to the
low number of included trials we were also not able to conduct a
subgroup analysis by type of NNS.

With regard to applicability, eight of the nine included trials
were conducted in upper-middle- or high-income countries. This
likely limits the generalisability of the findings to other countries,
particularly low-resource settings. Furthermore, in most of the
included trials diagnostic criteria for diabetes were not specified,
which may limit the interpretation of data.

Quality of the evidence

For all outcomes evaluated using GRADE, we judged the evidence
to be of very low-certainty for all three comparisons (NNS versus
sugar, placebo, or a nutritive, low-calorie sweetener). The evidence
was downgraded primarily due to design limitations (risk of bias)
and imprecision (small sample sizes and low number of included
studies).

Potential biases in the review process

The search for trials in this area was performed using a broad
search strategy, by searching in both electronic databases and
trials registries, without applying restrictions, such as based on
language. It is unlikely that trials that have been conducted
and published have been missed; however, unpublished trials, or
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ongoing trials not registered in clinical trials registries could be
missing. Should such trials be identified, we will include them in
future updates of the review.

We aimed to reduce bias wherever possible by having at least
two review authors work independently on trial selection, data
extraction, and 'Risk of bias' and GRADE assessments.

We were not able to explore the potential for publication bias using
funnel plots, since there were no outcomes of interest with 10 or
more trials included in meta-analyses.

Agreements and disagreements with other studies or
reviews

In our search for additional trials we checked other systematic
reviews and meta-analyses. Most of these assessed the use of
NNS compared to another dietary intervention in healthy or
general populations (Azad 2017; Toews 2019), whilst the number
of systematic reviews including participants with diabetes was
limited.

One systematic review collecting evidence on the health effects
of NNS in diabetes included not only medium- and long-term
outcomes, but also short-term trials with an intervention duration
of four weeks or less (Timpe Behnen 2013). After narratively
summarising their findings, the authors of this systematic review
concluded that "nonnutritive sweeteners do not appear to affect
glycemic control in patients with diabetes". It should be noted that
this systematic review included only studies published in English
and considered only NNS available in the USA. To our knowledge,
our review is the first systematic review attempting to address
patient-important outcomes, such as health-related quality of life
or socioeconomic effects.

AUTHORS' CONCLUSIONS

Implications for practice

There is no firm evidence as to whether non-nutritive sweeteners
compared with any other type of dietary intervention (including
sugar, placebo, or nutritive, low-calorie sweeteners) have
substantial effects on health outcomes. Data on patient-important
outcomes such as adverse events, diabetes complications, health-
related quality of life, and socioeconomic effects are scarce or
lacking.

Implications for research

It remains to be determined whether there are any substantial
beneficial or harmful effects of consuming non-nutritive
sweeteners in people with type 1 or type 2 diabetes mellitus.
There is a need for further long-term randomised controlled trials
conducted with rigorous methodology, with large sample size that
are investigating patient-relevant endpoints (especially adverse
events, diabetes complications, health-related quality of life, and
socioeconomic effects).
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CHARACTERISTICS OF STUDIES

Characteristics of included studies [ordered by study ID]

Barriocanal 2008

Study characteristics

Methods Study design: parallel randomised controlled trial

Participants Inclusion criteria
For group 1:

« type 1 diabetes mellitus

« male and female

« 20to 60 yearsold

« diabetes duration of more than 5 years

« normotensive or hypertensive under treatment
« HbAlc of less than 10%

+ BMI between 20 and 35 kg/m?

« without established renal disease

For group 2:

« type 2 diabetes mellitus

« male and female

« 40to70yearsold

« diabetes onset at age greater than 30 years

« diabetes duration of more than 1 year and less than 10 years
« treated with diet and/or oral antidiabetic agents

« normotensive or hypertensive under treatment

» HbAlc of less than 10%

+ BMI between 25 and 35 kg/m?

« without established renal disease

For group 3:

« healthy participants

« male and female

« 20to 60 yearsold

« with normal or low-normal BP (< 120/80 mmHg) in at least 2 measurements taken in different days
« BMI between 20 and 35 kg/m?

Exclusion criteria

« enrolmentin aclinical trial of drugs within the last 3 months

« significant cardiovascular, psychological, neurological, renal, or endocrine disease (apart from dia-
betes)

« alcohol or drug abuse or acute illness

« fasting glucose levels of less than 70 mg/dL or more than 200 mg/dL

« BP=170/110 mmHg on the day of the experiment

+ HbAlc=10%

« pregnancy

« treatment with glucocorticoids and treatment with insulin (except for Group 1)

Diagnostic criteria: —
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Barriocanal 2008 (continued)

Setting: outpatients

Age group: adults and elderly people

Sex: females and males

Country where trial was performed: Paraguay

Interventions

Intervention(s): steviol glycoside capsules (250 mg 3 times a day; purity of steviol glycosides was 92%)

Comparator(s): matching placebo
Duration of intervention: 3 months

Duration of follow-up: 3 months

Run-in period: none

Number of study centres: not reported (presumably 1)

Outcomes

Reported outcomes in full text of publication: HbAlc, body weight (kg), adverse events, anthropo-
metric measures other than body weight (kg), lipid profile (total-C, HDL, LDL, TG), glucose levels (fast-

ing), serum insulin

Identification

Trial identifier: —

Trial terminated early: no

Publication details

Language of publication: English

Funding: commercial funding: Steviafarma Industrial S.A., Maringa, Brazil and non-commercial fund-
ing: Ministry of Agriculture of Paraguay and the Banco Interamericano de Desarrollo (Interamerican De-

velopment Bank)

Publication status: peer-reviewed journal and full article

Stated aim for study

Quote from publication: "The aim of this study was to investigate the effect of steviol glycosides con-
sumption in humans (both diabetics - Type 1 and Type 2 - and non-diabetics with normal/low-normal

blood pressure) in order to comply with the first part (the pharmacological effects of steviol glycosides
in humans) of the Annex 2 of the 63rd meeting of the Joint FAO/WHO Expert Committee on Food Addi-

tives (JECFA)"
Notes
Risk of bias
Bias Authors' judgement  Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Quote from publication: "Volunteers were randomly assigned to receive ei-
ther steviol glycoside capsules 250 mg t.d.i. or matching placebo"

Comment: no information about the sequence generation process

Allocation concealment
(selection bias)

Unclear risk Quote from publication: "Volunteers were randomly assigned to receive ei-
ther steviol glycoside capsules 250 mg t.d.i. or matching placebo"

Comment: no information about allocation concealment

Blinding of participants
and personnel (perfor-
mance bias)

Low risk Quote from publication: "matching placebo" was used

Comment: self-reported outcome

Non-nutritive sweeteners for diabetes mellitus (Review)

Copyright © 2020 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

35



= 3 Cochrane
st g Library

Trusted evidence.
Informed decisions.
Better health.

Cochrane Database of Systematic Reviews

Barriocanal 2008 (continued)
adverse events

Blinding of participants Low risk Quote from publication: "matching placebo" was used

and personnel (perfor-

mance bias) Comment: investigator-assessed outcome

anthropometric measures

other than body weight

Blinding of participants Low risk Quote from publication: "matching placebo" was used

and personnel (perfor-

mance bias) Comment: investigator-assessed outcome

body weight

Blinding of participants Low risk Quote from publication: "matching placebo" was used

and personnel (perfor-

mance bias) Comment: investigator-assessed outcome

glucose levels

Blinding of participants Low risk Quote from publication: "matching placebo" was used

and personnel (perfor-

mance bias) Comment: investigator-assessed outcome

HbAlc

Blinding of participants Low risk Quote from publication: "matching placebo" was used

and personnel (perfor-

mance bias) Comment: investigator-assessed outcome

insulin sensitivity/serum

insulin

Blinding of participants Low risk Quote from publication: "matching placebo" was used

and personnel (perfor-

mance bias) Comment: investigator-assessed outcome

lipid profile

Blinding of outcome as- Low risk Comment: participants (i.e. outcome assessors) were blinded; self-reported
sessment (detection bias) outcome

adverse events

Blinding of outcome as- Unclear risk Comment: no information about the blinding of outcome assessors
sessment (detection bias)

anthropometric measures

other than body weight

Blinding of outcome as- Unclear risk Comment: no information about the blinding of outcome assessors
sessment (detection bias)

body weight

Blinding of outcome as- Low risk Comment: no information about the blinding of outcome assessors; the out-
sessment (detection bias) come measurement is unlikely to have been influenced by potential lack of
glucose levels blinding

Blinding of outcome as- Low risk Comment: no information about the blinding of outcome assessors; the out-
sessment (detection bias) come measurement is unlikely to have been influenced by potential lack of
HbAlc blinding

Blinding of outcome as- Low risk Comment: no information about the blinding of outcome assessors; the out-

sessment (detection bias)
insulin sensitivity/serum
insulin

come measurement is unlikely to have been influenced by potential lack of
blinding
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Blinding of outcome as-
sessment (detection bias)
lipid profile

Low risk

Comment: no information about the blinding of outcome assessors; the out-
come measurement is unlikely to have been influenced by potential lack of
blinding

Incomplete outcome data
(attrition bias)
adverse events

Low risk

Quote from publication: "No drop-outs were due to side effects"

Comment: no missing data for adverse events

Incomplete outcome data
(attrition bias)
anthropometric measures
other than body weight

High risk

Quote from publication: "Eighty-six volunteers (45 women, 41 men) were
enrolled in the study and 76 completed it." "The study group consisted of 76
subjects (30 with Type 2 diabetes, 16 with Type 1 diabetes and 30 without dia-
betes" (Group 1: type 1 diabetes, Group 2: type 2 diabetes). "Ten volunteers (4
in Group 1,3 in Group 2 and 3 in Group 3) decided to discontinue the study for
no specific reason, but no due to side effects"

Comment: in total 20 participants with type 1 diabetes were randomised
and 16 were analysed; in total 33 participants with type 2 diabetes were ran-
domised and 30 analysed; reasons for attrition and balance of missing data
across groups were not reported

Incomplete outcome data
(attrition bias)
body weight

High risk

Quote from publication: "Eighty-six volunteers (45 women, 41 men) were
enrolled in the study and 76 completed it." "The study group consisted of 76
subjects (30 with Type 2 diabetes, 16 with Type 1 diabetes and 30 without dia-
betes" (Group 1: type 1 diabetes, Group 2: type 2 diabetes). "Ten volunteers (4
in Group 1, 3 in Group 2 and 3 in Group 3) decided to discontinue the study for
no specific reason, but no due to side effects"

Comment: in total 20 participants with type 1 diabetes were randomised
and 16 were analysed; in total 33 participants with type 2 diabetes were ran-
domised and 30 analysed; reasons for attrition and balance of missing data
across groups were not reported

Incomplete outcome data
(attrition bias)
glucose levels

High risk

Quote from publication: "Eighty-six volunteers (45 women, 41 men) were
enrolled in the study and 76 completed it." "The study group consisted of 76
subjects (30 with Type 2 diabetes, 16 with Type 1 diabetes and 30 without dia-
betes" (Group 1: type 1 diabetes, Group 2: type 2 diabetes). "Ten volunteers (4
in Group 1, 3in Group 2 and 3 in Group 3) decided to discontinue the study for
no specific reason, but no due to side effects"

Comment: in total 20 participants with type 1 diabetes were randomised
and 16 were analysed; in total 33 participants with type 2 diabetes were ran-
domised and 30 analysed; reasons for attrition and balance of missing data
across groups were not reported

Incomplete outcome data
(attrition bias)
HbAlc

High risk

Quote from publication: "Eighty-six volunteers (45 women, 41 men) were
enrolled in the study and 76 completed it." "The study group consisted of 76
subjects (30 with Type 2 diabetes, 16 with Type 1 diabetes and 30 without dia-
betes" (Group 1: type 1 diabetes, Group 2: type 2 diabetes). "Ten volunteers (4
in Group 1, 3 in Group 2 and 3 in Group 3) decided to discontinue the study for
no specific reason, but no due to side effects"

Comment: in total 20 participants with type 1 diabetes were randomised
and 16 were analysed; in total 33 participants with type 2 diabetes were ran-
domised and 30 analysed; reasons for attrition and balance of missing data
across groups were not reported

Incomplete outcome data
(attrition bias)

insulin sensitivity/serum
insulin

High risk

Quote from publication: "Eighty-six volunteers (45 women, 41 men) were
enrolled in the study and 76 completed it." "The study group consisted of 76
subjects (30 with Type 2 diabetes, 16 wit